Dried rhizomes of five species of Atractylodes (A. japonica, A. macrocephala, A. lancea, A. chinensis, and A. koreana), Compositae, have been used as crude drugs mainly for the treatment of stomach disorders and for their diuretic properties in Chinese and Japanese traditional medicines. The identification of the botanical origins of these crude drugs is generally difficult from their morphological and chemical features only. In this study, for identification with more reliable, nuclear ribosomal DNA (nrDNA), internal transcribed spacer (ITS) regions of five species of medicinal Atractylodes were sequenced. As a result, specific ITS genotypes were recognized by each species. The four species (A. japonica, A. macrocephala, A. lancea, and A. chinensis) prescribed in Chinese and Japanese Pharmacopoeias as botanical origins of crude Atractylodes drugs could be distinguished by their ITS sequences because they had difference genotypes on the ITS sequences. However, the genotype of A. koreana was the same as that of A. chinensis. Additionally, hybrids between A. lancea and A. chinensis were also recognized as nucleotide additives on their ITS sequences. In this study, several morphological characteristics were researched by their genotype, too. As this result, the hybrids recognized from the genetic analysis had intermediate morphological characteristics between A. lancea and A. chinensis. It was also recognized that A. lancea and A. chinensis except for their hybrids were significant differences. It is therefore suggested that ITS sequences of nrDNA would be useful for the identification of the crude drugs derived from Atractylodes species and their interspecific hybridizations.
Plants belong to genus Atractylodes DE CANDOLLE, Compositae, are perennial herbs distributed in East Asia. 1) Their dried rhizomes have been used as crude drugs mainly for the treatment of stomach disorders and for their diuretic properties in Chinese and Japanese traditional medicines.
2) Four species of Atractylodes frequently used as crude drugs are prescribed in the Chinese and the Japanese Pharmacopoeias 3, 4) : Atractylodes japonica KOIDZUMI ex KITAMURA, A. macrocephala KOIDZUMI (syn.: A. ovata DE CANDOLLE), A. lancea DE CANDOLLE, and A. chinensis KOIDZUMI. In the Japanese Pharmacopoeia, crude drugs derived from the four species of Atractylodes have been classified into two groups, namely, the crude drugs derived from A. japonica and A. macrocephala are called "Byakujutsu" and those derived from A. lancea and A. chinensis are called "Sohjutsu" in Japanese. It has been reported that Byakujutsu exhibits diaphoretic activity and Sohjutsu has antisudorific activity, and they have been used for different clinical purposes. 5, 6) In addition, the rhizomes of Atractylodes koreana (NAKAI) KITA-MURA are sometimes used as a medicine in limited areas of China. 7) Crude drugs derived from the five species of medicinal Atractylodes are usually identified from their morphological features. 7) They are also distinguished chemically, namely, Atractylodes macrocephala and A. japonica include a typical sesquiterpenoid atractylon 8) ; however, it has been reported that atractylon is contained in some A. chinensis. 9) In particular, it is more difficult to discriminate between crude drugs derived from A. lancea and A. chinensis by their morphological or chemical features because these features overlap. 10, 11) In Flora Republicae Popularis Sinicae, 12) A. chinensis was treated as a synonym for A. lancea also. Genetic information is therefore needed for more strict identification of the crude drugs derived from Atractylodes species.
Concerning genetic identification, it has been reported that the three species of medicinal Atractylodes (A. lancea, A. ovata, A. japonica) can be distinguished by the restriction fragment length polymorphism (RFLP) analysis of chloroplast DNA using the Sac I restriction enzyme. 13) And it has been reported also that the five species of medicinal Atractylodes can be distinguished by some base substitutions, a insertion, and/or some gaps in the chloroplast trnK gene sequence. 14) However, identification by RFLP analysis is not effective for crude drugs because the long length of DNA fragments that are effective for RFLP analysis are not obtained from crude drugs. DNA fragments of the crude drugs are usually fractionated and become too short. 15) Concerning the base substitutions and the insertion, in the results of our preliminary sequencing of the trnK of Atractylodes species, these efficient genetic variations for the identification of the five species were not recognized. Especially, the gaps were in poly-A on the trnK gene. It has been reported that the numbers of poly-A on chloroplast genome sequences are not stable in the same species.
16) It was therefore predicted as difficult to identify crude drugs derived from Atractylodes species by RFLP analysis or trnK gene sequence. In addition, among the five species of Atractylodes, some interspecific hybridization has been reported. [17] [18] [19] It is necessary to observe a nuclear genetic marker to identify the hybrid. Chloroplast DNA is not suitable because chloroplast DNA is gener- Genetic Analysis Total DNA was extracted using the DNA easy ® Plant Mini Kit (QIAGEN) from dried leaves. To detect the complete sequence of the ITS region, primer set of ITS5 (5Ј-GGA AGT AAA AGT CGT AAC AAG G-3Ј) and ITS4 (5Ј-TCC TCC GCT TAT TGA TAT GC-3Ј) were used for amplification by PCR. 24) PCR amplification was carried out in 50 ml solution containing 2 mM Tris-HCL (pH 8.0), 10 mM KCl, 0.01 mM EDTA, 0.05% Tween 20, 0.1 mM DTT (dithiothreitol), 5% Glycerol, 0.2 mM of each dNTP, 0.2 mM of each primer, 1.25 units of Gene Taq (Nippon Gene), 10% DMSO, and about 5 ng template DNA. The STEP DOWN method 25) The PCR products were separated from other by-products using 1.2% agarose gel electrophoresis. The bands of the amplified fragments were cut out and purified using GFX TM PCR DNA and Gel Band Purification Kit (Amersham Biotech).
We sequenced the purified PCR products using the BigDye Terminator Cycle Sequencing Kit ver. 
RESULTS

ITS Genotype of Atractylodes
The internal transcribed spacer (ITS) region of 18S-26S nuclear ribosomal DNA (nrDNA) includes three components as defined Fig. 2 : the 5.8S subunit, an evolutionarily highly conserved sequence, and, most importantly, two spacers designated ITS-1 and ITS-2. 21) In this study, complete nucleotide sequences of the ITS region containing ITS-1, 5.8S, ITS-2 were determined for 252 samples of five Atractylodes species. Typical ITS sequences of every species were registered as follows: The accession numbers of the DDBJ/EMBL/GenBank for A. japonica, A. macrocephala, A. lancea, A. chinensis, and A. koreana were AB219405, AB219406, AB219407, AB219408, and AB219409, respectively. Within the 252 samples of the five species, nucleotide substitutions were observed on 37 sites on the ITS regions. The nucleotide substitution patterns were classified into five ITS genotypes (Types 1-5, Table 3 Nos. 1-16 ). The sequences of the 16 clones had 13 variable nucleotide sites and were classified into four genotypes ( Table 5 ). The genotypes of Clone Nos. 1-4 were identical to Type 4 of the ITS genotype, and Clone Nos. 14-16 were the same as Type 3. The other nine clones showed two different genotypes which were (Table 5) .
Correlation between ITS Genotypes and Morphological Features in Original Plants of Sohjutsu
It is difficult to discriminate between A. lancea and A. chinensis by their morphological features because they overlap in these two species. 27, 28) Therefore, the morphological features of each ITS genotype were compared by principal component analysis with the nine morphological characters indicated in Table  2 . In this result, two separate distribution areas of Type 3 and Type 4 ITS genotypes were observed on a scatter chart of principal component analysis (Fig. 3) . Discontinuity of the morphological features was recognized between samples with Type 3 and Type 4 ITS genotypes. Additionally, the morphological features of Type 5 overlapped the distribution areas of Type 3 and Type 4 on the scatter chart. 
DISCUSSION AND CONCLUSIONS
Correlation between Species and ITS Genotype
Total 252 genotype of A. chinensis and A. koreana, however, the distribution of A. koreana was limited to Shandong and Liaoning provinces in China 7) (Fig. 4) . It was considered that if crude drugs with Type 4 genotype were detected in areas of China other than the provinces of Shandong and Liaoning, it was highly possible that they were derived from A. chinensis. Furthermore, among the 90 samples identified as A. lancea by their morphological features, two ITS genotypes (Types 3 and 5) were recognized. As it was suggested from the results of cloning analysis that Type 5 was a hybrid of Type 3 and Type 4, this indicated that among the two ITS genotypes (Types 3 and 5) of A. lancea, the Type 3 genotype is a specific genotype of A. lancea. In addition, Type 3 samples had elongated leaves (TLL/MWB of comparatively high value, Table 2 ) that are a specific feature of A. lancea. 22, 23) (Fig. 4) . In addition, the morphological features of Type 5 overlapped Type 3 and Type 4 samples, namely A. (Table 2 ). In addition, they had unequivocal genetic differences in the 13 nucleotide substitutions on the ITS sequence. In consequence, it was suggested that they should be treated as two separate species. The Iconographia Cormophytorum Sinicorum have treated A. lancea and A. chinensis as two species, 23) supported by this study.
Identification of Medicinal Atractylodes Based on nrDNA ITS Sequences To conclude, the four species (A. japonica, A. macrocephala, A. lancea, and A. chinensis) prescribed in Chinese and Japanese Pharmacopoeias as botanical origins of crude drugs from Atractylodes could be distinguished by ITS sequences because they had different genotypes on ITS sequences, although the ITS genotype of A. koreana was the same as that of A. chinensis. Furthermore, hybrids of A. lancea and A. chinensis, derived from the wild, were shown for the first time by this study using genetic information. Alternatively, it can be imagined that hybrids of other species of Sohjutsu and Byakujutsu can be detected based on ITS sequences also. Therefore, ITS regions sequences of nrDNA will be useful for the identification of the crude drugs derived from Atractylodes and their interspecific hybridizations. 
